Serologic tools for Influenza A virus (FLUAV) antibody testing of wild birds are currently limited. In the present study, 2 commercial enzyme-linked immunosorbent assays (ELISAs) for detection of FLUAV antibodies, the IDEXX AI MultiS-Screen Ab Test and the ID VET ID Screen Influenza A Antibody Competition, were compared. Sera obtained from mallards (Anas platyrhynchos), experimentally infected with 8 FLUAV subtypes (N = 48), and field serum samples, collected from 11 wild bird species (N = 247), were tested. Overall, a substantial agreement was obtained between the 2 assays as applied to both experimental (86.5% agreement, κ = 0.69) and field samples (89.9% agreement, κ = 0.78). Based on the current study, doubtful results obtained with the ID VET assay should be re-tested to confirm their antibody status. Additionally, increasing the incubation period for the ID VET assay increases the test sensitivity but also increases the likelihood of generating falsepositive results. Overall, it is concluded that the 2 ELISAs can be used for FLUAV antibody screening in wild birds and that the sensitivity of the ID VET assay can be increased with slight modifications of the manufacturer's instructions.
Surveillance for Influenza A virus (FLUAV) strains in wild bird populations in North America and Europe has provided valuable information related to the epidemiology and ecology of this virus. 7, 10 Historically, such studies have been based on viral isolation or polymerase chain reaction (PCR) techniques. While these approaches are effective, FLUAV detection can be limited by a relatively short duration of viral excretion by the infected hosts 9 and by spatial and temporal variation in prevalence of infection. 10 Testing for antibodies to FLUAV is a common diagnostic tool used in poultry populations. 12 The utility of this approach also has been demonstrated for influenza surveillance in wild birds. [1] [2] [3] In wild waterbird populations of the orders Anseriformes, Charadriiformes, and Gruiformes, FLUAV antibody prevalence can be high (e.g., 30-50%) 1, 3 ; however, it is not clear how long these detectable antibodies persist. Although heterosubtypic immunity has been reported, 4, 6 the potential role of population immunity in regulating FLUAV prevalence or subtype diversity in waterbird populations also is unknown.
Hemagglutination and neuraminidase inhibition tests are commonly used in domestic poultry to screen populations for exposure to specific hemagglutinin or neuraminidase subtypes, respectively. Considering the potential subtype diversity of FLUAV strains in wild bird populations, these subtype-specific serologic tests are not well suited for wild bird serologic testing. The agar gel immunodiffusion test can be used as a group-specific serologic assay for FLUAV in wild birds but reportedly lacks sensitivity in waterfowl, 5 and was shown to be less sensitive than a commercial enzyme-linked immunosorbent assay (ELISA). 1 Over the last decade, multiple commercial ELISAs have been developed for detection of FLUAV antibodies in wild birds, and it is necessary to evaluate the performance of such tests in order to compare results and conclusions derived from studies utilizing these assays. 1, 11 In the current study, 2 commercial ELISAs for rapid screening of FLUAV nucleoprotein (NP) antibodies were tested. All FLUAV subtypes share the NP antigen and present little genetic variation, as compared to the hemagglutinin and neuraminidase proteins; therefore, the NP antigen represents a type A influenza-specific antigen. The sensitivity of the commercial assays was investigated to detect antibodies in sera obtained from mallards (Anas platyrhynchos) experimentally infected with 8 low pathogenic (LP) FLUAV subtypes and field serum samples collected from 11 wild bird species.
Serum samples were obtained from 40 mallards experimentally infected with 8 different subtypes of LP FLUAV strains and from 8 sham-inoculated birds ( Table 1) . Virus isolation and PCR testing verified infections of inoculated birds (unpublished data). Blood samples were collected at the end of the experiments (14 or 21 days postinfection), centrifuged for 30 min at 405 rcf, and sera stored at -20°C until testing. Also tested were 247 field serum samples collected from 11 species of wild birds representing 4 avian orders. Whole blood was collected via jugular, medial metatarsal, or basilic veins, as appropriate for each species (up to 1% of blood volume based on bird body weight). 1 Blood samples were centrifuged within 24 hr of collection, and sera were held at -20°C until tested.
All samples were tested with 2 commercial ELISA kits: 1) IDEXX IA MultiS-Screen Antibody Test a (hereafter, IDEXX assay) and 2) ID VET ID Screen Influenza A Antibody Competition b (hereafter, ID VET assay). Both assays work in a blocking ELISA format. Briefly, serum samples are incubated in ELISA plates allowing anti-NP antibodies to bind to the antigen. After washing, an anti-antigen-conjugate is incubated and, if the test sample contains anti-NP antibodies, the conjugate is blocked from binding. After a second washing, an enzyme substrate is added. Color development depends on the presence or absence of anti-NP antibodies in the test samples. Although the 2 assays allow for the detection of FLUAV antibodies, further serologic tests, such as hemagglutination inhibition tests, are required to identify subtype-specific antibodies.
Serum samples were thawed and tested with both ELISAs within 24 hr. Samples were maintained at 4°C between testing with the 2 assays. Sera and reagents were maintained at room temperature for 1 hr before the testing was performed. The ELISAs were performed according to the manufacturer's instructions. Briefly, serum samples were diluted 1:10 (IDEXX) or 1:20 (ID VET) with sample diluent provided by the manufacturers, and 100 µl (IDEXX) or 200 µl (ID VET) of the diluted samples were dispensed into the antigen-coated test plates. Samples were incubated for 1 hr at 23°C (IDEXX) or 36°C (ID VET) and washed 3-5 times with approximately 350 µl of wash solution (provided in kits), per well. Next, 100 µl (IDEXX) or 50 µl (ID VET) of conjugate were added to each well, and plates were incubated for 30 min at 23°C. Each well was washed again 3 times, as described above. Finally, 100 µl (IDEXX) or 50 µl (ID VET) of substrate solution was added to each well, and plates were incubated at 23°C in the dark for 15 min (IDEXX) or 10 min (ID VET). The reactions were stopped by adding 100 µl (IDEXX) or 50 µl (ID VET) of stop solution. Sample absorbance was measured at 655 nm (IDEXX) and 450 nm (ID VET) with a microplate reader. c For both assays, serum samples with a sample-to-negative control (S/N) ratio value greater than or equal to 0.50 were considered negative. For the ID VET assay, S/N ratio values of 0.45-0.50 were considered as doubtful, according to the manufacturer instructions. Serum samples with S/N ratio values below 0.50 (IDEXX) and 0.45 (ID VET) were considered positive for the presence of FLUAV antibodies.
The ID VET assay protocol indicates that increased sensitivity can be obtained by overnight incubation of serum samples. The effect of the incubation period on FLUAV antibody detection was investigated by testing 40 samples from experimentally infected mallards and 8 samples from shaminoculated mallards, with incubation periods of 1, 2, 4, 6, and 12 hr.
Percentage agreement and Cohen kappa coefficient (κ) were calculated to estimate agreement between the 2 ELISAs and between samples tested twice with the same assay. For kappa coefficient, κ < 0.2 indicates a slight agreement, 0.2 < κ < 0.4 indicates a fair agreement, 0.4 < κ < 0.6 indicates a moderate agreement, 0.6 < κ < 0.8 indicates a substantial agreement, and κ > 0.8 indicates a perfect agreement. 8 For the ID VET assay, doubtful samples were considered negative in the calculation of the percentage agreement and Cohen kappa coefficient. Pearson correlation coefficients were calculated to measure the association between S/N ratios The ELISA results from the experimentally infected birds are presented in Table 1 . Overall, a substantial agreement was obtained between the 2 assays (86.5% agreement, κ = 0.69). The S/N ratio values obtained with the 2 ELISAs were significantly correlated (r = 0.95, df = 46, P < 0.001; Fig. 1 ). Both assays failed to detect antibodies in 2 mallards with confirmed infections (inoculated with H5N2 and H8N4 LP FLUAV strains), which may have resulted from decreased sensitivity or the failure of these mallards to seroconvert following infection. In addition, the ID VET assay did not detect FLUAV antibodies in 6 infected mallards (4 negative plus 2 doubtful) that tested positive with the IDEXX assay. Neither assay yielded positive results for the sham-inoculated negative control birds. Collectively, results suggest that both assays have a good sensitivity for the detection of FLUAV antibodies in experimentally infected mallards. However, it also suggests that for the detection in field samples, false-negative results may lead to an overall underestimation of the antibody prevalence, which may be addressed by testing samples with different commercial ELISAs or other types of assays (e.g., agar gel immunodiffusion test).
The S/N ratio values obtained with both assays were also significantly correlated for field samples (r = 0.88, df = 245, P < 0.001; Fig. 1 ). The overall agreement between the assays was substantial (89.9% agreement, κ = 0.78). In total, 77 serum samples tested positive with both ELISAs, 25 tested positive with 1 assay (12 and 13 samples tested positive with the IDEXX assay and ID VET assay, respectively), and 145 tested negative with both assays. Agreement ranged from moderate to perfect in the species studied ( Table 2) . Such variation may have reflected species-specific variations in antibody response or the timing of infections, which could not be determined for the field samples.
Also investigated was the repeatability of each assay by comparing the S/N ratio values obtained for replicate testing of samples (N = 48, tested twice with each assay). For the IDEXX assay, a perfect agreement was obtained between replicates (100% agreement, κ = 1), consistent with a previous study. 1 For the ID VET assay, the agreement between replicates was almost perfect (92% agreement, κ = 0.81). Four samples had an S/N ratio value lower than 0.45 with one of the assays and between 0.45 and 0.50 on the other, highlighting the importance of retesting samples considered as doubtful, as recommended by the manufacturer.
The ID VET assay protocol suggests that the sensitivity of the assay can be increased by overnight incubation of serum samples. As part of the current study, the effect of increased incubation was investigated on the S/N ratio value for this assay (Table 3) . Overall, the mean S/N ratio value decreased when incubation periods higher than 1 hr were performed ( Table 3 ). In particular, an incubation of 4 hr provided perfect results as all FLUAV inoculated birds tested positive. A longer incubation (6 or 12 hr) provided consistent results for the FLUAV-infected birds, but several of the negative controls (sham-inoculated birds) also tested positive or doubtful. This suggests that increasing the incubation period for the ID VET assay will increase sensitivity, but will also increase the likelihood of false-positive results.
To conclude, a substantial agreement between the IDEXX and ID VET assays was found, suggesting that results and conclusion derived from the 2 ELISAs can reasonably be compared. For the ID VET assay, doubtful results need to be retested to confirm their status, and in spite of possible increase in test sensitivity, overnight incubation may result in increased false-positive results.
